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MATERIAL AND METHODS
Blister fluids were withdrawn with a 25 gauge
needle and kept frozen until processed, usually 24
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to 48 hours later except for a few samples that
were run 5 to 7 days later. Thirty one specimens
from various bullous dermatoses were studied. On
the basis of their histologic structure they were
distributed as follows: (a) subcoraeal: subcorneal
pustular dermatosis (1) (b) intraepidermal: cc-
zematous reactions (mycotic 2, bacterial 1, dyshi-
drotic eczema 1, contact dermatitis 2), pemphigus
vulgaris (1), herpes zoster (3) varicella (1) fric-
tion blister (3) insect bite (1) (c) subepiclermol:
erythema multiforme (5), dermatitis herpetiformis
(2), bullous pemphigoid (4), epidermolysis bullosa
dystrophica (1), epidermolysis bullosa simplex
(1), bullous lupus erythematosus (1), dermatitis
factitia, probably of chemical origin (1). When
the diagnosis was questionable biopsies were per-
formed to confirm the nature of the blister. In this
group of spontaneously occurring blisters it was
not possible to determine their age.
Epidermal LDH isozyme patterns were deter-
mined from skin of fresh autopsy material. The
specimens were stretched and the epidermis re-
moved by scraping. Three hundred mg, wet weight,
of frozen epidermis were homogenized with 1.5 ml
of distilled water in a tissue grinder for 10 min-
utes, centrifuged at 15,000 r.p.m. and the super-
natant used to estimate the LDH isozyme pat-
terns.
Liquid nitrogen blisters were induced in six vol-
unteers. The liquid nitrogen was applied on the
inner aspect of the forearm with a cotton appli-
cator for 10 seconds with minimal pressure. The
blisters developed in about 3 hours, at which time
their fluid was drawn. Biopsies of these lesions
showed a subepidermal bulla. In order to perform
a time sequence study of LDH isozyme patterns,
8 blisters were induced in one volunteer and their
fluid withdrawn at the following intervals: ½, 1,
2, 3, 4, 5, 6 and 16 hours.
Loctele dehydrogenose isozymes. Aliquots of
blister fluid, 2 to 3 microliters, were placed on
Sepraphor III cellulose acetate strips, and electro-
phoresis performed with barbital buffer, pH 8.9,
ionic strength 0.05, 1.5 milliamperes per strip for
1 hour in a Gelman electrophoresis chamber. Lac-
tate dehydrogenase isozyme patterns were studied
by the technic described by Preston et al (9).
After the electrophoresis, the strips were placed
on a glass slide, and transferred to a dark room
in a plastic box. Another cellulose acetate strip,
previously impregnated by the buffered substrate
solution was carefully placed on top of the strip
previously subjected to electrophoresis. The buff-
ered substrate solution consisted of: (a) 1 ml of
1 M sodium lactate in 0.1 M Tris (hydroxymetbyl)
aminomethane—phosphate buffer, pH 7.6 (b) 1 ml
of 0.1 M Tris-phosphate buffer, pH 7.6 (c) 02 ml
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It has been shown that lactate dehydrogcnase
(LDH) consists of a heterogeneous complex of
S isozymes of which LDH 1 shows the greatest
eleetrophoretic mobility towards the anode while
LDH 5 is the nearest to the cathode. Each iso-
zyme consists of a tetramer molecule resulting
from the combination of two subunits (1, 2).
More recently a third subunit has been pos-
tulated which would account for a total of 15
LDH (3). Each tissue seems to have a specific
pattern of LDH activity (4). In blood serum
LDH 1, 2, 3 predominate, with smaller amounts
of LDH 4, 5 being present. Lewis et al. (5) have
recently shown that the epidermis and dermis
from surgical specimens contain 6 LDH iso-
zymes of which 3, 4, 5 were present in the high-
est concentrations. Other investigators working
with postmortem material were only able to
demonstrate in the skin the presence of LDH 2,
3, 4, 5 (6, 7). This discrepancy could also be due
to different electrophoretic conditions used in
these studies.
Yardley et al. (5) recently reported that in
early cantharidin induced blisters most of the
LDH activity was found in the isozyme 5, with
decreasing amounts of activity of isozymes 4, 3,
2, thus resembling the epidermal pattern. Older
blisters showed increasing amounts of LDH 2,
3 although LDH 4, 5 still predominated.
The purpose of this investigation was to de-
termine the LDH isozymes patterns in fluids
from subeorneal, intraepidermal and subepi-
dermal blisters. The specimens were obtained
from blisters of various dermatoses as well as
from blisters induced experimentally with liquid
nitrogen.
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of 0.1% phenazine methosulfate (d) 3 ml of 0.1%
nitro blue tetrazolium (e) 10 mg of NAD (Nico-
tinamide Adenine Dinueleotide) (Sigma Labora-
tories). The plastic box was wrapped in aluminum
foil and transferred to an incubator at 37° C for
½ hour and then fixed in a solution containing
methanol, acetic acid and water (50:10:40) for 10
minutes. The cellulose acetate strips were scanned
by reflectance with a Chromoscan Densitometer
and percentage distribution of LDH isozymes cal-
culated by planimetry. Each blister fluid was
analyzed two to four times with identical results.
However, those samples left in the refrigerator
for more than 7 days showed a reduction in LDH
activity, particularly in reference to LDH 4 and
5. Lactic dehydrogenase activity of various blister
fluids was estimated by the method described by
Cabaud and Wróblewski (10).
RESULTS
In this study LDH 5 was the major isozyme
of the epidermis followed by 4, 3, and 2 in order
of decreasing activity. The LDH isozyme pat-
terns of spontaneous blisters occurring in various
dennatoses is shown in Fig. 1. Tn most specimens
all five isozymes were present. A consistent find-
ing was the marked preponderance of LDH 5
above all other isozymes and this was noted in
all blister fluids, regardless of their histologic
structure or etiology (See Table T). The intensity
and patterns of LDH isozyme activity varied
greatly with the various blisters studied. The
maximal intensity was noted in the varicella
blister with all 5 isozymes present in large
amounts. Herpes zoster showed marked LDH 5
activity (Fig. 2). In these viral blisters the in-
tense ballooning and reticular degeneration of
epidermal cells could account for the marked ac-
tivity of LDH 3, 4, 5. The pattern in pemphigus
vulgaris was similar to that of the epidermis
suggesting that during acantholysis there may
be a release of LDH from the epidermal cells.
In subcorneal pustular dermatosis one might
expect that part of the LDH activity was prob-
ably due to release of these isozymes from white
cells, which were present in large numbers in
the blister fluid (Fig. 3). The presence of all 5
isozymes in blisters from eczematous reactions
suggest both, serum and epidermal participa-
tion without ruling out the release of isozymes
from white cells (Fig. 4). Friction blisters, which
are of intraepidermal origin, showed LDH pat-
terns similar to that seen in eczematous reac-
tions. In blisters due to dermal-epidermal sepa-
ration, again the most significant finding was the
marked LDH S activity. Erythema multiformis,
dermatitis herpetiformis, bullous pemphigoid and
epidermolysis bullosa dystrophica showed the
five isozymes with a marked predominance of
LDH 5. On the other hand, epidermolysis bul-
losa simplex only showed marked LDH 4—5 ac-
tivity with small amounts of LDH 3. The time
sequence study of liquid nitrogen blisters was
very instructive in that it definitely showed that
LDH patterns change as the blister ages (Fig.
5). The half hour blister showed a pattern simi-
lar to that seen in serum with predominance of
LDH 2 followed by LDH 1 and 3. At 1 honr
there is an increase of LDH 3 with the appear-
ance of LDH 4, 5 while at 2 hours LDH 5 prc-
Fm. 1. Schematic representation of LDH iso-
zymes patterns in fluids from various bullous
dermatoses.
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TABLE I
Percentage distribution of LDH isozymes in blister fluids from various dermatoses
Source
LDH I LDH 2 LDH 3 LDH 4 LDH 5
Percentage
S 26.5(10_35)*
47.2
(25—50)
17.7
(0—35)
5.4 3.2
(0—15) (0—5)
Epidermis 4.9 17.3 31.9 46.1
32.0
48.0
56.5
78.4
37.7
70.6
59.1
76.8
78.4
88.2
34.5
67.8
41.4
50.0
31.0
68.6
Subcorneal pustular dermatosis
Contact dermatitis
Contact dermatitis
Mycotic eczema
Varicella
Herpes zoster
Friction blister
Insect bite
Bullous pemphigoid
Bullous pemphigoid
Erythema multiformis
Bullous lupus erythematosus
Dermatitis herpetiformis
Dermatitis factitia
Epidermolysis bullosa dystrophica
Epidermolysis bullosa simplex
1.4
8.7
1.7
1.0
7.5
1.6
5.0
1.0
1.5
8.6
4.9
4.3
3.0
18.7
13.3
4.6
6.6
15.4
3.6
8.6
6.6
2.2
14.0
5.8
14.9
14.5
18.0
19.5
13.7
18.4
6.2
18.4
7.4
10.4
[0.1
6.2
2.5
20.1
20.8
15.8
15.7
19.0
4.8
28.8
16.3
18.8
7.9
21.0
16.8
16.9
13.1
7.9
5.6
22.8
5.6
23.0
15.6
29.0
26.6
* Range of LDH isozymes distribution in serum as reported by Wroblewski and Gregory (15).
dominates over the other isozymes. This pattern
persisted for the 3rd and 4th hour, but at 5
hours LDH 4—5 disappeared. At 16 hours the
pattern was similar to that seen in normal serum
with a preponderance of LDH 2. (See Table II.)
Total LDH activity was measured in some blis-
ter fluids with the following results: subcorneal
pustular dermatosis, 12,200 units; bullous pem-
phigoid, 2,000 and 2,520 units; erythema multi-
formis 6,800 and 920 units; bullous lupus cry-
thematosus, 500 units, (normal serum, 100—500
units per ml).
DISCUSsION
Lysosomal and non-lysosomal enzymes have
been demonstrated in spontaneous as well as
artificially induced blisters (11, 12). We shall
limit our discussion to the lactate dehydrogen-
ases. Weber and Theisen (12) showed in fluids
from various types of blisters (cantharidin, der-
matitis herpetiformis, bullous pemphigoid, por-
phyria eutanea tarda) a greater total LDH ac-
tivity than that of their corresponding serums.
However, they also noted that the activity was
even greater in the epidermis than in the blister
fluid. They suggested that the high LDH activ-
ity in blister fluids could be due to a release of
these enzymes from damaged epidermal cells
during the course of blister formation. Smith
et al (11) studied LDH levels in cantharidin
blisters and suggested that the skin is probably
the major source of these enzymes during early
stages but in older blisters there may be an ad-
ditional participation from leukocytes or plate-
lets. They also noted that the levels of LDH ac-
tivity in the blister fluids were much lugher
than those of the serums. In the cases of der-
matitis factitia and bullous lupus erthematosus
we estimated LDH levels and isozymes patterns
in both, the blister fluids and their corresponding
serums. In the dermatitis factitia there was an
increase in LDH levels in both, the serum (2400
units) and blister fluid (2160 units) while in the
case of bullous lupus erythematosus the serum
levels were increased (1040 units) while the
blister fluid were at the upper normal limit
(500 units). However, the isozyme patterns
showed an increase in LDH 5 in the serum of
Fo
. 2
. 
H
er
pe
s 
zo
st
er
. 
N
ot
e 
th
e 
m
ar
ke
d 
pr
o-
 
FI
G
. 3
. S
ub
co
rn
ea
l 
pu
stu
la
r 
de
rm
at
os
is.
 
LD
H
 
Fi
c.
 4
. E
cz
em
a d
ue
 to
 c
o
n
ta
ct
 d
er
m
at
iti
s. L
D
H
 
do
m
in
an
ce
 o
f L
D
H
 5.
 
iso
zy
m
e p
at
te
rn
. 
iso
zy
m
e p
at
te
rn
. 
ri1
11
1 
;H
H
 
H
T 
H
 
-
 
7 
EC
ZE
M
A 
-
 
H
 
ill 
jjJ
H 
-
H
- 
+
 
1 
LU
H
 
4 
3 
r 
2 
:3
4 
78
.4
 
7.
9 
-
2f
iT
6.
6 
1.
4 
F 
tIE
R
P$
$ 
;Z
O
ST
hR
 
1 
+
H
 
SU
CO
PS
EA
Lf
PU
St
UL
A 
ii:
 DE
R
M
AT
O
ST
S 
H
 
1 
0T
H 
H
±1
S 
rts
u 
ri 
%
 
32
.0
 
28
.4
 
19
.5
 
18
.7
 
1D
R
 
5 
-
 
4 
3 
2 
1 
%
. 
.
70
.6
 
16
.8
 
74
. 
3.
6 
1.
6 
ISOZYME PATTERNS IN BLISTERS 409
both patients (41 and 18.3%; normal 0—5%)
suggesting a release of this isozyme from the
skin into the blood (Fig. 6). This is preliminary
5
9
3
a
I I 35hour
LDH isozymeFio. 5. Liquid nitrogen blisters.
pattern at various time intervals.
TABLE 11
LDH isozymes patterns in liquid nitrogen blisters
Blister age
LDH1LnH2LDH3 LDII4 LDII5
Percentage
Half hour
1st hour
3rd hour
5th hour
6th hour
16th hour
22.0 62.0
17.3 33.8
6.2 18.9
12.3 52.0
14.7 46.0
12.4 63.5
16.0
28.0
18.1
35.7
39.3
24.1
6.5
16.6
14.0
40.2
data and we are pursuing this line of investiga-
tion.
It is impossible to assign any diagnostic speci-
ficity to the LDH isozyme patterns observed in
blister fluids of the various dermatoses studied
since these patterns do change as the blister gets
older. Moreover, LDH 5, a major component in
blister fluids, is more heat labile than the other
isozymes and its activity can be markedly re-
duced by the beat during electrophoresis (13).
The present investigation clearly shows that in
various spontaneously occurring blisters the
LDH 5 predominated over the other isozymes
regardless of the etiology or histologic structure
of the blister (subcorncal, intra or subepider-
mal). It is noteworthy that in none of the blis-
ters studied were we able to discern a serum
LDH pattern with the exception of the early
(half hour) and late (16 hours) liquid nitrogen
blisters.
Since LDH 5 is the major isozyme of the epi-
dermis, its consistent presence and predomi-
nance in blister fluids strongly suggest that cpi-
dermal cells play an active role in the mechanism
of blister formation by contributing to the con-
tent of the fluid. Previous studies emphasized
that blister fluid contents primarily arise from
serum or inflammatory cells. In this regard, one
Fsc. 6. Dermatitis factitia, probably due to a strong acid. The bulla was subepidermal.
LDH isozyme patterns of tbe serum and blister fluid from the same patient. Note the
increase in LDH 4, 5 in the serum.
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cannot rule out completely the participation of
white cells, winch also seem to contain LDH 5
(14). However, these cells would have to be
present in significant numbers since lysed leuko-
cytes in concentration of 1200 cells per cubic
millimeter fail to produce LDH bands during
clcctroporcsis (15).
5uMMAaY
The purpose of tins investigation was to de-
termine the LDH isozymcs patterns in fluids
from various bullous dermatoses as well as from
liquid nitrogen induced blisters. Most specimens
showed all five isozymcs. A consisting finding
was the marked preponderance of LDH 5 over
all other isozymes and this was noted in all blis-
ter fluids regardless of their etiology or histo-
logic structure (subcorncal, intra or subcpider-
mal). Since LDH 5 is the major isozyme of the
epidermis, this strongly suggests an active par-
ticipation of cpidcrmal cells in the formation of
blister fluid. This study also showed that LDH
isozyme patterns may change very drastically
within short periods of time as the blister ages.
For this reason it is difficult to assign any diag-
nostic specificity to the LDH isozyme patterns
seen in blister fluids from various dermatoses.
HEFEHENCES
1. Appella, E. and Markert, C. L.: Disassocia-
tion of lactic dehydrogenasc into subunits
with guanidine hydrochloride. Biochem.
Biopbys. Res. Commun., 6: 171, 1961.2. Markert, C. L.: Lactate dehydrogenase
isozymes: Disassociation and recombination
of subunits. Science, 140: 1329, 1963.
3. Goldberg, E.: Lactate dehydrogenase in trout:
Evidence for a third subunit. Science, 14Th
391, 1965.4. Markert, C. L. and MØller, F.: Multiple
forms of enzymes: tissue, ontogenic and
species specific patterns. Proc. Nat. Acad.
Sci., 45: 753, 1959.
5. Lewis, C., Jr., Schmitt, M. and Hershey, F: B.:
Heterogeneity of lactic dehydrogenase of
human skin. J. Invest. Derm., 48: 221, 1967.6. Weber, C. and Pfleiderer, C.: Isoenzymes in
the human epidermis. Ann. N. Y. Acad. Sd.,
94: 933, 1961.7. Carr, A. and Skillen, A. W.: Lactate dehy-
drogenase isozymes in skin. Brit. J. Derm.,
76: 331, 1963.
S. Yardley, H. J., Hosett, T. and Smith, J. C.:
Origin of lactate dehydrogenase in fluid of
cantharidin produced blisters. Fed. Proc.,
25(2): 423, 1966.
9. Preston, J. A., Brierc, R. 0. and Batsakis, J. C.:
Rapid electrophoretic separation of lactate
dehydrogenase isoeozymes on cellulose ace-
tate. Am. J. Clin. Path., 43: 256, 1965.
10. Cabaud, P. C. and Wróblewski, F.: Colon-
metric measurement of lactic dehydrogenase
activity of body fluids. Am. J. Clin. Path.,
30: 234, 1958.11. Smith, J. C., Burk, P. C., Rosett, T. and
Church, C. F.: Enzymes in blister fluid. Lab.
Invest., 16: 247, 1967.12. Weher, C. and Theisen, H.: Zum Nachwcis
enzymatischer mechanismen in menscblicher
epidermis am modell den subepidermalen
blase. Arch. Klin. Exp. Derm., 208: 459,
1959.
13. Wróblewski, F. and Gregory, K. F.: Lactic
dchydrogenase isozymes and their distribu-
tion in normal tissues and plasma and in
disease states. Ann. N. Y. Acad. Sci., 94:
912, 1961.
14. Vesell, E. S., Osterland, K. C., Beam, A. C.
and Kunkel, H. C.: Isozymes of lactic de-
hydrogenase: their alterations in arthritic
synovial fluid and sera. J. Clin. Invest., 41:
2012, 1962.
15. Vesell, E. S.: Lactate dehydrogenase isozyme
patterns of human platelets and bovine lens
fibers. Science, 15: 1735, 1965.
